Abstract: Siliconprocess compatible metasurface was designed and tested in the infrared wavelength range. These metasurfaces show very high Q (>100), extreme chirality, and polarization conversion along with very lowloss operation. They show promise for sensing applications as well as spectrally selective CP thermal emitters.
INTRODUCTION
Metamaterials and metasurfaces represent a remarkably versatile platform for light manipulation, biological and chemical sensing, and nonlinear optics. Many of these applications rely on the resonant nature of metamaterials, which is the basis for extreme spectrally selective concentration of optical energy in the near field. In addition, metamaterialbased optical devices lend themselves to considerable miniaturization because of their subwavelength features. This additional advantage sets metamaterials apart from their predecessors, photonic crystals, which achieve spectral selectivity through their longrange periodicity. Unfortunately, spectral selectivity of the overwhelming majority of metamaterials that are made of metals is severely limited by high plasmonic losses [1] .
Recently efforts have been directed at making dielectric based metamaterials to reduce loss [2, 3] . 
RESULTS
Here, we propose and demonstrate Fanoresonant allsemiconductor optical metasurfaces supporting optical resonances with quality factors that are almost an order of magnitude sharper than those supported by their plasmonic counterparts. We also 00 Q > 1 demonstrate that these siliconbased metasurfaces exhibit extreme planar chirality, opening exciting possibilities for efficient ultrathin circular polarizers and narrowband thermal emitters of circularly polarized radiation.
Proposed spectrallyselective chiral metasurface comprised of two Sibased antennas is shown in Fig.1 . The periodic with .4μm P = 2 metasurface is based on a doubleSOI wafer with and patterned using reactive ion etching (RIE) at CINT. The .2μm h 1 = 1 h .6μm 2 = 1 structure has several unique features: (a) ultrahigh quality factor for a midIR metasurface; (b) high conversion efficiency into circularly polarized radiation (close to 50%) as estimated from the Stokes parameters of the transmitted light at . This structure ≈4.5μm λ is vastly superior to similar gold structure which has an Ohmic loss limited Qfactor which is an order of magnitude smaller.
As representative examples of application of the Fano resonant metamaterial, we consider the enhancement of the interaction of infrared light with singlelayer graphene (SLG) without the need to focus IR light to wavelengthscale spots. The optical response of metalbased antennas and metasurfaces has been modified by combining them with SLG, and the extracted information was further used to estimate the carrier density in SLG. However, because the spectral linewidth of metalbased structures is fairly broad, only modest changes of the optical response (transmission or reflection) of metasurfaces have been accomplished so far. Our numerical © Optical Society of America simulations demonstrate that much stronger SLGinduced modification of the transmission through the high nonmetallic metasurfaces can be obtained. To demonstrate the effect of SLGs with different freecarrier densities (parameterized by the corresponding values of the Fermi energy ) placed on top of a metasurface as shown in Fig. 2(a) , we numerically investigated the induced transmission changes in T xy and T yy . Significant changes in and near Fano resonances found in both limiting cases demonstrate that silicon metasurfaces can be used as a novel platform for spectroscopic characterization of SLG. As the second representative example, we consider the effect of conformally coating protein monolayers on the optical response of Sibased metasurfaces. Those can be readily functionalized by proteins and protein monolayers that naturally attach to the native oxide formed on the metasurface. An example of the modified transmission spectra (with and without a protein on the metasurface) is shown in Fig. 2(d) . Note that a remarkable transmission change, indicating that submonolayer quantities of protein matter can be detected.
SUMMARY
The high Fanoresonant dielectric metasurfaces described here represent a novel and promising platform for a variety of applications that depend on high optical energy enhancement and precise spectral matching between molecular/atomic and electromagnetic resonances. Those include infrared spectroscopy of biological and chemical substances and nonlinear infrared optics. Chiral properties of such metasurfaces might be exploited for developing novel ultrathin infrared detectors sensitive to light's chirality, as well as spectrallyselective CP thermal emitters. Even higher quality factors (~1000 ) Fano resonant metasurfaces can be developed by judicious engineering of nearfield coupling between resonant modes if inhomogeneous broadening due to fabrication imperfections can be overcome. Combining the large field enhancements achieved in such high silicon metasurfaces with coherent radiation sources such as quantum cascade lasers capable of delivering highpower lowdivergence beams would open new exciting opportunities in nonlinear infrared optics such as harmonics generation and fourwave mixing using freespace excitation.
